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AP20-4 
POWER DIVISION BY ELEMENT DESIGN IN A 
CIRCULARLY POLARIZED, SERIES-FED ARRAY 
J. DrewniaB and P. Mayes 
Electromagnetics Laboratory 
Electrical and Computer Engineering Department 
University of Illinois a t  Urbana-Champaign 
INTRODUCTION 
Microstrip  atch  elements  are widely used in  applications 
which r equ i r e   a low-profile array  over  aground plane. For 
bandwidths of more than  a  few  percent  phase-shifters  and  feed 
lines may be required  to  obtain  circular  polarization (CP) from 
patch  antennas.  In addi t ion  t o  t h e  components  required  to 
produce CP, a power division  networB is often used t o  yield  a
desired  array  excitation.  Introduced  here is a  simple a r r a y  of 
wideband,  low-profile CP elements   which  requires   no 
p h a s e - s h i f t e r s   a n d   o n l y   s u f f i c i e n t   f e e d   l i n e s   f o r   t h e  
interconnection of t h e   e l e m e n t s   i n a s e r i e s - f e d   a r r a y .  
Furthermore, a complicated networK i s  not required t o  obtain the 
exci ta t ion  coeff ic ients   for   a   specif ied  es ign.   Rather ,   the  
exci ta t ion  coeff ic ients   can be realized by u t i l i z i n g   t h e  
geometric parameters of the individual elements. 
ARRAY DESIGN 
The a r r ay   e l emen t  is a  probe-fed, 50-ohm, CP, two-port, 
traveling-wave  antenna. A top view of these  antennas  in  a
six-element a r r a y  is shown in  Figure 1. The magnitude of Sei 
for each two-port is determined by the  a rm width, the r a t i o  of 
outer   to   inner   diameter .  This parameter  then  provides  a  simple 
means f o r   t h e   r e a l i z a t i o n  of a   specif ied  set  of exc i ta t ion  
Coefficients. An experimental   s tudy t o  cha rac t e r i ze   t hese  
elements  was  conducted  from  which the  geometric  parameters of 
t h e  six-element a r r a y  were directly determined with no f u r t h e r  
experimentation. 
The a r r a y  was based upon Chebyshev  design with a -20 dB 
sidelobe  level t o   o p e r a t e  a t  2.2 GHz. T h e   t h e o r e t i c a l  
exci ta t ion  coeff ic ients   for   these  specif icat ions  are   given a t  
the bottom of Figure 1. The a r r a y  was fed a t  t he  cen te r  f rom a  
matched power divider  and  the  lements  were  series  connected 
with the   p rope r   l eng ths  of coaxial   l ine   to  yield in-phase 
exc i ta t ion  a t  2.2 GHz. The  exci ta t ion  coeff ic ient   for   each 
element was determined by the magnitude of S2i f o r   t h e  preceding 
element.  The  geometry of each  element  was  then  selected t o  
yield the  desired :S21:. The excitation  coefficients  as found 
from  two-port  measurements of the individual  elements of t h e  
a r r a y  a r e  also shown in Figure 1. These numbers would represent 
the actual  coeff ic ients  if t h e r e  were no mutual coupling and no 
cable  losses  in t he  a r r ay .  The  elements  were  spaced r a t h e r  f a r  
a p a r t  i n  Order to  reduce  the  mutua l  as  much as feasible. 
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ARRAY PERFORMANCE 
The lnput  Impedance of t h e  a r ray  for  the band  from 2.0 t o  
3.0 GHz is shown in  Figure 2. A t  t h e  design  frequency  the 
r e t u r n  loss is -26 dB. The r e t u r n  loss of the  matched power 
divider   was  less   than -35 d B  over  this range.   Since  the 
impedance is typical  of the  performance of t he   i nd iv idua l  
e lements ,   these  resul ts   were  indicat ive of t h e  low coupling 
present among the elements of t he  a r r ay .  In t e rna l  s ca t t e r ing  in  
the   f ed   l i nes  is v e r y  small because  each  e lement  is  
well-matched t o  t h e  cable  and t h e  l a s t  element on each side of 
t h e  a r r a y  is terminated wi th  a  matched  load. T h i r t y  percent of 
t he   l npu t  power was l e f t  a t  t he  ends of t he  a r r a y .   F u r t h e r  
studies  have produced  individual  elements  capable of radiat ing 
T O X  of the   i npu t  power so t h a t  power gain  achieved w i t h  this  
first prototype could be improved. 
Shown in  Figure 3 is a r ad ia t ion   pa t t e rn  In t h e  plane of 
t h e  array as  measured  with a spinning dipole.  The a x i a l   r a t i o  
is 1.5 dB on the main beam maximum with good CF o v e r  t h e  e n t i r e  
main beam. The CP of the  elements  used was bes t  a t  2.05 GHz. 
As a r e s u l t  t h e  a r r a y  p a t t e r n  had a  lower  axial   ratlo (1.0 dB) 
a t  2.1 GHz. The  measured  sidelobe  level of -18 dB Is considered 
t o  be in   ve ry  good agreement w i t h  the design  value  since no 
atljustments  were made for   mutual  coupling o r  loss i n   t h e  feed 
lines. 
CONCLUSIONS 
The  f as ibi l i ty  of designing  a wideband CF a r r a y  of 
series-fed  elements  using the element  geometry to con t ro l   t he  
a r ray  exc i ta t ion  has been demonstrated, 
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Figure 1. The  serles-fed  l inear  array of low-profile cP 
elements. 
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Figure 2. Input Impedance (top) and return loss (bottom) of the 
array. 
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Figure 3. Radiation pattern in the plane of the array as 
measured by a spinning dipole. 
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